Introduction {#sec1-1}
============

The term molar incisor hypomineralization (MIH) was defined by Weerheijm *et al*. as hypomineralization of systemic origin of one or four permanent first molars frequently associated with affected incisors.\[[@ref1][@ref2]\] Worldwide, prevalence of MIH ranges from 2.4%--40.2%,\[[@ref3]\] while in India, it is reported to be in the range of 0.48%--14.9%.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] MIH-affected teeth are characterized by rapid posteruptive breakdown and associated caries.\[[@ref2]\] Clinical management of young patients with MIH-affected teeth becomes challenging due to chronic subclinical inflammation caused by ingress of bacteria in the exposed dentin,\[[@ref13]\] sensitivity and rapid caries development in the affected teeth,\[[@ref14]\] difficulty in achieving local anesthesia as a result of altered nerve potential,\[[@ref15]\] and limited cooperation of the young child due to hypersensitivity-related apprehension.\[[@ref16]\]

Failure in achieving profound anesthesia can lead to behavior management problems in already anxious children and affect the quality of restorations. In some situations, a clinician might be tempted to use a greater dose of anesthetic solution to overcompensate for the hyperresponsive tooth. In children, since the dose of anesthetic solution is limited by age and weight, a practitioner might reach the maximum dose before the desired effect is achieved.\[[@ref17]\] This emphasizes the need for promising local anesthetic technique that ensures profound anesthesia for treatment of MIH-affected teeth.

Intraosseous (IO) anesthesia has recently gained attention in the field of endodontics.\[[@ref18]\] Studies in adults have shown higher failure rates of conventional nerve blocks in teeth with irreversible pulpitis. Barring one study,\[[@ref19]\] there is a scarcity of published literature evaluating anesthetic efficacy of IO anesthesia for treatment of MIH-affected teeth in children.

The aim of this study was to compare the anesthetic efficacy of the IO local anesthetic technique with conventional infiltration technique for restorative treatment of permanent molars affected by MIH in children between age 8 and 14 years.

Materials and Methods {#sec1-2}
=====================

This randomized controlled, two-arm, clinical trial was conducted in the Department of Pedodontics and Preventive Dentistry with the approval of the Institutional Ethical Committee. The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2000. Informed consents were obtained from parents who agreed to allow their children to participate in the study.

Sample size calculation {#sec2-1}
-----------------------

A pilot study was performed on 12 teeth from six patients, and sample size was determined according to the proportions of efficacy scale (primary outcome) available from the pilot study. These participants were not included in the study sample. The sample size was calculated to give a standard error of 5% with a confidence interval of 95% and a power of 80%. Using these calculations, the minimum sample needed in each group to detect a significant difference between the two groups was 25 children.

Sample selection {#sec2-2}
----------------

A total of 60 first permanent molars (FPMs) affected with MIH and requiring restorations or stainless steel crowns from 32 healthy patients between age 8 and 14 years were initially selected for this study. EAPD diagnostic criteria were used for the diagnosis of MIH.\[[@ref2]\]

Children who were on regular medications for any illness and molars with chronic irreversible pulpitis or periradicular pathosis requiring endodontic procedures were excluded from the study. Molars with roots in close proximity to the erupting succedaneous tooth bud of the adjacent primary molar were also excluded.

Parents of three children (six teeth) refused to be included in the study. Therefore, the final sample for the study included a total of 54 mandibular or maxillary FPMs affected with MIH from 29 children. Severity of MIH of all the included teeth was evaluated using the modified Wetzel and Reckel scale.\[[@ref20]\]

Included teeth were randomly allocated to one of the two groups using block randomization method (Microsoft Excel 2011, Rand Function) as follows:

Group C (control group): Infiltration local anesthetic technique (*n* = 27)Group IO (treatment group): IO local anesthetic technique (*n* = 27).

Procedure {#sec2-3}
---------

### Control group {#sec3-1}

Children in this group were administered 1.5 ml of 4% articaine with 1:100,000 epinephrine (Septanest, Septodont^®^, France) by conventional buccal infiltration local anesthetic technique with a 27-gauge short needle before restorative procedure. Topical anesthetic gel (Precaine, Pascal International, USA) was applied before infiltration. In case of failure of adequate anesthesia, the procedure of buccal infiltration was repeated.

### Intraosseous group {#sec3-2}

Children in this group received IO local anesthesia with X-tip^®^ IO system (X-tip^®^ Intraosseous Anesthetic Delivery System, Dentsply Maillefer, USA). A preoperative radiograph was taken to ascertain that the proposed injection site had adequate room to accommodate the X-tip^®^ drill and guide sleeve between the adjacent roots. After applying the topical anesthetic gel (Precaine, Pascal International, USA), buccal mucosa was anesthetized first with infiltration of 0.5 ml of 4% articaine with 1:100,000 epinephrine using a 27-gauge ultra-short needle. After the buccal mucosa was satisfactorily anesthetized, a site was marked 2--4 mm below the alveolar crestal level, immediately mesial of the tooth to be treated, using a straight probe. In cases where the penetration was difficult, a distal site was selected.

The guide sleeve along with a perforator tip was then attached to the slow speed handpiece with speed of 15,000--20,000 rpm \[[Figure 1](#F1){ref-type="fig"}\]. Holding the drill at 90° angle to the point marked on the gingiva, the perforator tip was pushed and withdrawn in a forward and slow pecking motion using light pressure until a break-through feeling was felt or the tip penetrated completely in the cancellous bone. The perforator tip was then separated, and the guide sleeve was secured in place using a mosquito forceps or tweezers. A metal syringe loaded with X-tip^®^ 27-gauge ultra-short needle was inserted into the guide sleeve and 0.7 ml of 4% articaine with 1:100,000 epinephrine was slowly delivered in the cancellous bone. In case of failure of adequate anesthesia, local anesthetic solution was administered through the guide sleeve, which was secured in place throughout the procedure \[[Figure 2](#F2){ref-type="fig"}\].

![Armamentarium used for intraosseous local anesthesia: X-tip perforator attached to slow-speed handpiece](CCD-9-272-g001){#F1}

![Delivery of local anesthetic solution through the perforated X-tip guide sleeve](CCD-9-272-g002){#F2}

Recording of parameters {#sec2-4}
-----------------------

Time required for administration of local anesthesia from application of topical anesthesia to local anesthetic delivery was recorded by an assistant. Pain during administration was evaluated using a modified behavior pain scale by Taddio *et al*.\[[@ref21]\] Child\'s reaction to pain was evaluated as the presence or absence of arm or leg movements, torso movements, oral physical resistance (like resistance or hesitation in opening mouth when asked), and crying. Face was observed for brow raising and eye squeeze. The presence of these reactions was scored as 1 and absence was scored 0. The scores were then added to obtain a behavior pain scale score for each patient, higher score indicating worse behavior due to pain. Onset of anesthesia was judged by subjective and objective symptoms with the use of probing and air spray on the affected tooth at 5, 10, 30, and 60 s intervals. The need for repeat anesthesia was recorded as yes or no.

Efficacy of local anesthetic technique to complete the restorative procedure successfully without pain was evaluated by efficacy scale as given by Sixou and Barbosa-Rogier.\[[@ref22]\] Each tooth was assigned a score according to this scale by a senior pediatric dentist at the end of the procedure.

Heart rate of the child was recorded using pulse oximeter at four different time intervals during the treatment procedure, namely, preoperative, during local anesthetic administration, during restoration, and 10 min postoperatively.

Information regarding postoperative complications including lip/cheek biting, swelling, pain, or local infection was obtained. The presence of each sign or symptom received a score of one. All these scores were added to obtain a postoperative complication score for each patient, higher score indicating more complications.

Statistical analysis {#sec2-5}
--------------------

Statistical comparison of various recorded parameters between the groups was performed using appropriate statistical test designed for categorical or continuous variables using SPSS 15 software (SPSS Inc., Chicago, IL, USA). Significance was set at *P* \< 0.05.

Results {#sec1-3}
=======

Distribution of the sample according to the age and gender of patients included teeth selected, MIH severity scores of the teeth included, and the type of restorative procedures performed under local anesthesia was uniform across the two groups as presented in [Table 1](#T1){ref-type="table"}.

###### 

Distribution of sample across the two groups

![](CCD-9-272-g003)

IO technique required significantly more time for administration and showed significantly faster onset as compared to the infiltration technique \[[Table 2](#T2){ref-type="table"}\]. In the Control group, 44.4% teeth required repeat of anesthetic administration due to the failure of achieving adequate anesthesia. The difference between the two groups was found to be statistically significant \[P = 0.004, [Table 2](#T2){ref-type="table"}\].

###### 

Comparison of parameters related to administration and effectiveness of local anesthesia between the two groups

![](CCD-9-272-g004)

Behavior pain score during the administration of local anesthetic solution was found to be significantly lower in the IO group (0.93 ± 1.0) than in the control group (1.96 ± 1.32, *P* = 0.002), indicating less pain during IO administration.

Statistical significant differences were found in local anesthetic efficacy between the two local anesthetic techniques used \[P \< 0.001, [Table 3](#T3){ref-type="table"}\]. In most of the children (89%) in the IO group, the restorative treatment was completed without pain, whereas in most of the children (63%) from the control group, the restoration was completed with mild pain.

###### 

Efficacy scale of local anesthetic technique in achieving adequate anesthesia

![](CCD-9-272-g005)

Heart rate increased during administration of local anesthesia in both the groups (control: 77.7 and IO: 78.2). In the control group, it increased further to 80.3 during restorative treatment; however, in the IO group, it remained stable at 78.3. Mean baseline heart rate of children measured preoperatively was found to be 73.1 in the control group and 73.6 in the IO group. Two-way ANOVA with repeated measures performed on the data revealed a significant effect of time (F = 14.774, *P* \< 0.001); however, the differences between the groups were not significant (F = 0.476, *P* = 0.49). Combined effect of group and time on heart rate was found to be not significant (F = 1.052, *P* = 0.378).

Postoperatively, none of the children in both the groups showed lip/cheek biting, swelling, or infection at the site of injection. Fifteen patients in the control group and two patients in the IO group reported postoperative pain. Mean postoperative complication score in the control group was 0.51 ± 0.57, while in the IO group was 0.11 ± 0.32. The difference between the two groups was statistically significant (*P* = 0.003).

Discussion {#sec1-4}
==========

To the best of our knowledge, this study is the only randomized controlled trial that has evaluated anesthetic efficacy of IO anesthetic technique with 4% articaine in anesthetizing MIH-affected molars for restorative procedures. We decided to restrict our selection to MIH-affected teeth indicated for restorative procedures, as we aimed at studying effective anesthesia in teeth with inflamed vital pulp. The choice of anesthetic used was 4% articaine with 100,000 adrenaline. Profound anesthesia with articaine is attributed to the presence of thiophene ring\[[@ref23]\] and higher fat solubility.\[[@ref24]\] Buccal infiltration with 4% articaine has been shown to be as effective as inferior alveolar nerve block with 2% lignocaine.\[[@ref25]\]

Significantly, more time required for administration of IO anesthesia in our study can be attributed to multiple steps needed for the technique including administration of infiltration, marking the site, perforating the bone, and IO injection. However, the difference between the two techniques was only 26 s, which might not prove to be clinically important. Almost immediate onset of anesthesia with IO technique like found in this study also has been reported by others.\[[@ref17][@ref18][@ref19][@ref22][@ref24][@ref26][@ref27]\]

Earlier studies have reported some discomfort with IO administration which was attributed by the authors to feeling of injecting the solution rather than pain.\[[@ref19][@ref22][@ref26]\] Interestingly, in our study, more children in the control group (24 as against 16 in the IO group) complained of pain during administration. This could be related to injecting a higher volume of local anesthetic solution in the infiltration technique.

Assessment of local anesthetic efficacy was the primary outcome of our study. Our results undoubtedly showed that IO technique was significantly better in anesthetizing MIH-affected teeth so that planned restoration could be completed without pain as compared to the buccal infiltration.

A single group study conducted on MIH-affected teeth in children reported complete anesthesia in 91.3% teeth with computer-assisted IO anesthesia for restorations and endodontic treatment.\[[@ref19]\] No other study, either single group or randomized controlled, was published in the literature that studied anesthetic efficacy of IO or other anesthetic techniques in MIH-affected teeth in children or adults. Studies on teeth with chronic irreversible pulpitis in adults have found the anesthetic efficacy of IO anesthesia ranging from 80% to 100%.\[[@ref27][@ref28]\]

IO anesthetic technique performed in children with primary teeth reported success rates of 96.6% in endodontic treatment, 100% in restorative procedures, and 88% in extractions; while in permanent teeth, the success rates ranged from 92.3% in endodontic treatment, 89.9% in restorative procedures, and 75% in extractions.\[[@ref26]\]

Our finding of increase in the heart rate during the administration of IO anesthesia is similar to most other studies.\[[@ref18][@ref29][@ref30][@ref31]\] Such an increase in the heart rate has been attributed to faster entry of catecholamines in the vascular system when using IO route.\[[@ref32]\] However, in our study, buccal infiltration also caused comparable increase in the heart rate.

Mean heart rate, measured during the restorative procedure, was found to be higher in the control group than in the IO Group. This may be mainly attributed to more profound anesthesia and painless treatment with IO anesthetic technique. Another reason could be the dose of epinephrine delivered to children in the control group was higher as compared to that in the IO Group, as volume delivered was higher.

IO anesthesia is a technique-sensitive procedure. In two patients from the IO Group, we were not able to penetrate the bone at the first instance, one patient requiring one more attempt and the other requiring two more attempts for successful penetration. Both the teeth were mandibular first molars from different children. Difficulty in penetration with IO technique has been reported earlier.\[[@ref19][@ref31]\] This can either be due to greater thickness of the compact bone in the area of injection site or wrong site selection by the operator.\[[@ref33][@ref34]\] However, in children, the incidence of this complication might be less frequent due to lesser bone density as compared to adults.\[[@ref22]\]

Various other complications such as backflow of the solution in the oral cavity,\[[@ref35][@ref36][@ref37]\] dizziness, perspiration and weakness in legs,\[[@ref31]\] separation of the perforator tip from the guide sleeve shank,\[[@ref38]\] wrong selection of the needle size in perforator hole by the operator,\[[@ref18][@ref39]\] or breakage of the perforator tip\[[@ref38]\] are also reported as possible difficulties with IO technique. We did not find any such complications in our study.

Our finding revealed that postoperative complications with IO anesthesia were significantly lesser than with the infiltration technique. Only comparative study available in the literature studying postoperative complications of IO anesthesia was by Peñarrocha-Oltra *et al*.\[[@ref31]\] They reported postoperative pain at injection site in IO technique as compared to inferior alveolar nerve block.

Other complications such as mild numbing of lips/cheeks,\[[@ref19][@ref22][@ref37]\] postanesthetic bite,\[[@ref31]\] delayed healing at the perforator site,\[[@ref37]\] or focal osteonecrosis secondary to excessive heat generated due to prolonged rotation of the perforator drill\[[@ref40]\] have been reported in the literature. None of the above complications were observed in our study.

Limitations of the study {#sec2-6}
------------------------

This study has a few limitations. We could not evaluate the effectiveness of the two local anesthetic techniques in the maxillary and the mandibular teeth separately. Since maxillary alveolar bone is more porous, profound anesthesia could be achieved solely by infiltration technique. A similar study conducted with split-mouth technique will have more control over patient-related factors.

Conclusion {#sec1-5}
==========

Our study suggests that IO local anesthesia is an effective and safe technique to achieve profound anesthesia in MIH-affected teeth with severe hypersensitivity related to chronic pulpal inflammation in children.
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